PURPOSE Screening guidelines for type 2 diabetes recommend targeting highrisk individuals. Our objective was to assess whether diagnosis of type 2 diabetes based on opportunistic targeted screening results in lower vascular event rates compared with diagnosis on the basis of clinical signs or symptoms.
INTRODUCTION
T argeting screening for type 2 diabetes to high-risk individuals is recommended for the prevention of vascular complications. 1 The justifi cation for the promotion of screening is that patients with type 2 diabetes are already at risk for developing microvascular complications before clinical diagnosis 2 and have a twofold higher risk of cardiovascular disease and mortality. 3 The worldwide prevalence of type 2 diabetes is expected to keep rising in the next decade, dramatically increasing the burden of disease and health care costs. 4, 5 Glycemic control and cardiovascular risk management (mainly treatment of hypertension and hypercholesterolemia) decrease vascular disease and mortality in patients with type 2 diabetes. 6, 7 It is currently uncertain, however, whether treatment of patients with type 2 diabetes detected through screening results in lower vascular event rates when compared with treatment of patients diagnosed by clinical signs or symptoms. 6 To address this issue, we undertook a study that builds on a type 2 diabetes-screening program performed by the Diabscreen study, in which diabetes screening was conducted during regular primary care in the Netherlands. The Diabscreen study reported a fair yield of opportunistic screening, targeting patients at high risk for undiagnosed type 2 diabetes who visited their family physician. 8 After evaluation, the program was implemented in daily practice. Because of the continuous nature of the primary care setting of the program, we are now able to report a follow-up of up to 10 years after screening.
We compared outcomes in patients with type 2 diabetes that had been diagnosed by opportunistic targeted screening with outcomes of patients given a diagnosis after displaying diabetes signs or symptoms during the same period and in the same family practices. All patients had received the same guideline-concordant diabetes care after diagnosis, ie, the same glycemic control and cardiovascular risk management. 9 Our main aim was to assess whether opportunistic targeted screening, compared with clinical diagnosis, would benefi cially affect the risk of death from cardiovascular disease, myocardial infarction, and stroke.
METHODS

Participants and Setting
For the current Diabscreen study follow-up, data were available from 10 family practices in the Netherlands, all taking part in the Nijmegen Monitoring Project (NMP). 10, 11 The NMP is a practice-based research network of the Radboud University Nijmegen Medical Centre, with an audit-enhanced monitoring system for chronic diseases such as type 2 diabetes. Despite this academic alliance, all participants are standard community family practices.
Every individual in the Netherlands is registered with a family physician, and this registration is usually maintained over many years. Type 2 diabetes is commonly treated in primary care, and patients may consult a specialist only upon referral by the family physician.
We included data from all patients, aged 45 to 75 years, with newly diagnosed type 2 diabetes who were enrolled in the monitoring system by their family physician between 1998 and 2005. For the purposes of this study, patients were not randomized into a subgroup but were selected by the detection method of their diabetes, as recorded in the NMP database: (1) type 2 diabetes detected by opportunistic targeted screening; or (2) clinically diagnosed type 2 diabetes based on signs or symptoms. These 2 groups are described in detail.
Type 2 Diabetes by Opportunistic Targeted Screening
The opportunistic targeted screening procedure was based on the Diabscreen study, and some of the current data were derived from that study. 8 In brief, we considered patients to be at high risk for undiagnosed type 2 diabetes if they had 1 or more of the following diabetes risk factors, derived from the American Diabetes Association (ADA) recommendations for screening for type 2 diabetes 1 : a family history of diabetes (defi ned as diabetes in a parent, brother, sister, or a combination thereof); a history of cardiovascular disease (heart failure, ischemic heart disease, myocardial infarction, transient cerebral ischemia, stroke, or peripheral arterial disease); obesity (body mass index [BMI] >27 kg/m 2 ); hypertension (blood pressure ≥140/90 mm Hg or taking antihypertensive agents); hypercholesterolemia (total cholesterol >5.0 mmol/L [193 mg/dL] or taking a lipid-lowering agent); or a history of gestational diabetes mellitus. 1, 9 High-risk patients were labeled as such in the electronic medical record. When visiting their family practice for a regular care consultation, high-risk patients were invited for screening using fasting plasma glucose testing. Screening was accepted in 90% of cases. 12 Diagnosis of type 2 diabetes was based on international criteria, requiring 2 fasting plasma glucose measurements on 2 separate days, both with a value ≥7.0 mmol/L (≥126 mg/dL). 13
Type 2 Diabetes by Clinical Diagnosis
Patients with clinically diagnosed type 2 diabetes had signs or symptoms of diabetes during a practice consultation. If they had classic symptoms of hyperglycemia (polyuria and polydipsia), a single, random, plasma glucose measurement of ≥11.1 mmol/L (≥200 mg/dL) was suffi cient for diagnosis. When they had milder symptoms (eg, fatigue, frequent infections, blurred vision), 2 fasting plasma glucose samples, on separate days and both ≥7.0 mmol/L (≥126 mg/dL), were required. 13
Diabetes Treatment
Patients in both study groups received the same standard of diabetes care and were treated during routine care consultations by their own family physician and practice nurses. Diabetes care was in line with the following Dutch family practice guidelines for type 2
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diabetes: recorded on intake and then yearly are family history, smoking status, and comorbidities; a physical examination; an ophthalmologic examination (funduscopy or fundus photography); laboratory testing for fasting blood glucose, hemoglobin A 1c , lipids, plasma creatinine, and albuminuria; and education and lifestyle advice. Three times a year patients have weight and blood pressure measured, fasting blood glucose and hemoglobin A 1c tested if on insulin; and education and lifestyle advice. Glycemic control is undertaken to reduce hemoglobin A 1c to less than 53 mmol/mol (<7.0%), using a stepwise approach with metformin as a fi rst-choice agent when diet is insuffi cient; a sulphonylurea derivative or insulin is added, if necessary. For cardiovascular risk, the target systolic blood pressure is less than 140 mm Hg. A statin is recommended unless untreated low-density lipoprotein cholesterol is less than 160 mg/dL (2.5 mmol/L) or the absolute 10-year mortality risk is less than 5%. An angiotensinconverting enzyme inhibitor is recommended for microalbuminuria even with normal blood pressure, and a platelet aggregation inhibitor is indicated for secondary prevention only. 9
Defi nition of Outcomes
All data were collected from the NMP electronic database. We used all clinical information available up to the end of 2009. The primary group outcome during follow-up was the composite of death from cardiovascular disease (CVD), nonfatal myocardial infarction, and nonfatal stroke. Secondary outcomes included microvascular complications (diabetic retinopathy, neuropathy, and nephropathy), any fi rst CVD event (nonfatal myocardial infarction, nonfatal stroke, heart failure, ischemic heart disease, transient cerebral ischemia, or peripheral arterial disease), all-cause death, and non-CVD death. Retinopathy was diagnosed with funduscopy or fundus photography by an ophthalmologist who reported the result to the family physician. Neuropathy was diagnosed by the family physician by physical examination in cases showing loss of monofi lament sensation in the toes. Nephropathy was defi ned as a glomerular fi ltration rate <60 mL/min/1.73 m 2 , estimated by the Modifi cation of Diet in Renal Disease Study equation. 14
Statistical Analysis
We analyzed participant characteristics at baseline and at the last follow-up visit using the Pearson χ 2 or Fisher exact test for categorical data and the Student t test for means where appropriate. The main process and outcome variables of care during follow-up were similarly analyzed.
To compare the primary and secondary outcomes between the 2 study groups, we calculated the incidences of the events and applied the Pearson χ 2 or Fisher exact test for statistical analysis. In Cox regression models, hazard ratios for the outcomes with their 95% confi dence intervals and P values were calculated. Time to event was defi ned as the time between date of diagnosis and date of cardiovascular event or death. For microvascular outcomes, the date of event was the date of diagnosis during follow-up. Patients were followed until death, loss to follow-up, or end of study (December 31, 2009). Hazard ratios were unadjusted and adjusted for 6 baseline variables: age, sex, CVD, fasting plasma glucose, systolic blood pressure, and plasma creatinine.
We conducted all analyses in SPSS 16.0 for Windows (SPSS Inc). All analyses were 2-sided, and we considered a P value <.05 to be signifi cant.
RESULTS
Opportunistic targeted screening detected type 2 diabetes in 359 patients. A clinical diagnosis of type 2 diabetes based on signs or symptoms was found in 206 patients ( Table 1) . Patients with clinically diagnosed type 2 diabetes were more likely to be men and were generally younger than patients with diabetes detected by screening.
At baseline, the prevalence of macrovascular disease was signifi cantly higher in the opportunistic targeted screening group, which could be primarily explained by ischemic heart disease. Prevalence of diabetic retinopathy and neuropathy was similar, but nephropathy was more commonly found with opportunistic targeted screening. Mean systolic blood pressure and plasma creatinine were also signifi cantly higher in the screening group. As expected, fasting blood glucose and hemoglobin A 1c levels were signifi cantly elevated in patients with clinically diagnosed diabetes. Other characteristics were similar at baseline.
Follow-up
Mean systolic blood pressure and plasma creatinine no longer differed between the opportunistic targeted screening and clinical diagnosis groups after a mean follow-up of 7.7 years (SD = 2.4 years) and 7.1 years (SD = 2.7 years) , respectively (Table 1 ). Glucose and cholesterol values had improved and smoking had decreased in both groups.
Process and Outcome Variables of Care
Processes of care were comparable between both study groups after follow-up (Table 2) . With regard to outcome variables, we found signifi cantly better glycemic control among patients from the opportunistic targeted
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screening group and less frequent insulin treatment, but a higher use of antihypertensive medications. Other outcomes of care did not differ signifi cantly from those of the clinical diagnosis group.
Primary Outcomes
The composite primary event rates during follow-up did not differ signifi cantly between the opportunistic targeted screening and clinical diagnosis groups (9.5% vs 10.2%, P = .78; adjusted hazard ratio [HR] = 0.67, 95% CI, 0.36-1.25; P = .21; Table 3 ). The hazard curves, however, show a more steeply increasing risk for a major macrovascular event in patients with clinically diagnosed diabetes (Figure 1) .
Lower incidences and risk for nonfatal myocardial infarction and for nonfatal stroke were observed in the opportunistic targeted screening group, whereas risk for CVD death was higher. Because of the small numbers and a large confi dence interval, the differences for CVD death were not statistically signifi cant.
Secondary Outcomes
Microvascular event rates were also not significantly different between the study groups (Table 3) , although incidence and risk for diabetic retinopathy were lower after opportunistic targeted screening (1.5% vs 3.9%; P = .08; adjusted HR = 0.75, 95% CI, 0.19-3.08; P = .69).
Risk for any fi rst CVD event did not differ significantly between the groups (Table 3) . Lower incidences and risk were observed in the opportunistic targeted screening group for ischemic heart disease, whereas they were higher for heart failure, transient cerebral ischemia, and peripheral arterial disease, but these differences were not statistically signifi cant or the 95% confi dence intervals were large (data not shown).
All-cause death rates did not differ signifi cantly (8.6 vs 10.7%; P = .42; adjusted HR = 0.60, 95% CI, 0.31-1.13; P = .12), in contrast to non-CVD death (4.2% vs 8.7%; P = .03; adjusted HR = 0.33, 95% CI, 0.15-0.71; P = .01; Table 3 ). We observed more deaths caused 
DISCUSSION
This study is the fi rst to compare patients from the same population with type 2 diabetes detected by either opportunistic targeted screening or by clinical signs or symptoms and observed for long-term vascular outcomes. For patients with type 2 diabetes detected by opportunistic targeted screening who had higher CVD morbidity at baseline, in particular ischemic heart disease and hypertension-related nephropathy, after up to 10 years follow-up, major macrovascular event rates did not signifi cantly differ between the 2 groups. Secondary vascular event rates were also not signifi cantly different between groups, although the opportunistic targeted screening group did show a lower risk for diabetic retinopathy than the clinical diagnosis group.
Differences at diagnosis between patients with type 2 diabetes detected by screening and clinically were described earlier in the Hoorn Screening Study, 15 a targeted diabetes screening study in the Netherlands. Our data confi rmed the fi ndings of the Hoorn Screening Study and showed that glucose levels were higher among patients with signs or symptoms at diagnosis, whereas retinopathy and neuropathy were equally prevalent in the 2 groups. Additionally, these authors already noted strikingly prevalent macrovascular complications in patients with diabetes detected by screening. 16 The major strength of our study was its particular setting. Although all NMP practices are affi liated academically with the Radboud University Nijmegen Medical Centre, they are normal community practices with a population representative of the general Dutch population and a diabetes prevalence equal to that anywhere in the Netherlands. 10, 17 That the Dutch system of primary health care provides for universal access and continuity of patient registration enabled us to collect and present follow-up data from daily practice. The effectiveness of screening for type 2 diabetes should preferably be investigated in a randomized controlled trial. 18 In the current absence of such trials and with limited evidence found in recent case-control, cross-sectional, and modeling studies, 6 we believe that an observational study can provide important new data. Because we could show that patients in both study groups received the same level of diabetes care, 9 we were able to investigate outcomes related to time of diagnosis and early treatment.
Overall, we found lower vascular event rates than expected in both the opportunistic targeted screening group and the clinical diagnosis group. This fi nding might refl ect the impact of the guideline-concordant diabetes care in the practices, which includes cardiovascular risk management. Diabetes treatment had been successful in reducing blood pressure, smoking, and blood glucose and lipid levels in both groups.
We showed that the hazard curve of the primary outcome was higher for clinically diagnosed diabetes than for opportunistic targeted screening, which might be explained by lead-time bias: the longer interval between diagnosis and development of complications in patients detected by opportunistic targeted screening might be due to earlier detection in the natural history of the disease, instead of earlier treatment. 19 The lower glucose levels at diagnosis and lower risk for retinopathy for patients with diabetes detected by screening suggests that screening detects diabetes at an earlier stage of disease. 2 Patients with diabetes detected by screening also tend to show milder disease and slower progression, with better clinical outcomes after follow-up (length-time bias). 19 Although we screened patients in a high-risk population who had a higher initial prevalence of ischemic heart disease, nephropathy, and hypertension than patients in the clinical diagnosis group, vascular outcomes were similar between the groups upon follow-up. Even adjusted hazard ratios were not signifi cantly different between groups. The opportunistic targeted screening group may have developed diabetes complications caused by longer exposure to hyperglycemia as a result of a slower progression. A fi nal possibility is that patients who volunteer for screening programs are more health conscious and therefore more likely to have a better disease outcome even without screening (selection bias). 19 The initiation of screening during routine care, the targeting of patients with diabetes risk factors, and the high response rate of 90%, 8 all suggest that selection bias did not play a major role in our study. As previously Notes: Cumulative hazard of death from CVD, nonfatal myocardial infarction, or nonfatal stroke, adjusted for age, sex, and the following baseline characteristics: CVD, systolic blood pressure, fasting plasma glucose, and plasma creatinine. Screening Clinically stated, however, patients with clinically diagnosed diabetes were more often men and were generally younger than patients with diabetes detected by opportunistic targeted screening. This difference may have been because only patients visiting the family practice were invited for screening, and younger men might be more likely to postpone a primary care consultation. We adjusted data analyses for age and sex to account for this possible bias. A selection bias that is due to a selective allocation to a group or treatment by the patient's family physician is also unlikely, because patients were not randomized into a group, and although detection method was not blinded, it was recorded in the database for analysis purposes only. Patients from both study groups received the same guided treatment during normal care from their own family physician, independent of the detection method.
Cumulative Hazard
A possible limitation may have been the diagnosis of type 2 diabetes by the fasting plasma glucose test rather than the oral glucose tolerance test. The oral glucose tolerance test consists of an fasting plasma glucose test and 2-hour plasma glucose value and is considered to be the reference standard test in the diagnosis of diabetes. The fasting plasma glucose test is more user-friendly, however, faster to perform, more convenient and acceptable to patients, and less expensive. The recent American Diabetes Association recommendation to use hemoglobin A 1c for screening was still under debate at the time of our study. 1, 20 Although later rectifi ed, there was a large amount of data missing for hemoglobin A 1c at baseline, because hemoglobin A 1c was not yet registered in the database at the beginning of the study in 1998. The missing hemoglobin A 1c values were comparable between groups, refl ecting similar care, and the outcome was in line with the mean fasting plasma glucose values at baseline.
With the exception of smoking, we were not able to investigate potential differences in lifestyle between groups, such as exercise or diet, because these data were not collected in the NMP database. Lifestyle advice is, however, an important part of the guided care in the practices. 9 We have shown that within the fi rst decade after diagnosis, in contrast to our expectations, opportunistic targeted screening for type 2 diabetes resulted in similarly low macrovascular event rates compared with diabetes diagnosed on the basis of signs and symptoms. This central fi nding of our study might be taken as an argument against screening. Even so, our fi nding that higher CVD morbidity at baseline did not signifi cantly increase vascular event rates after screening argues in favor of opportunistic targeted screening. We also showed that opportunistic targeted screening identifi ed patients at an earlier stage of diabetes and that these patients had a lower risk for retinopathy during follow-up. Furthermore, we found a trend toward a higher risk for a major macrovascular event in clinically diagnosed type 2 diabetes, and signifi cant differences may yet become apparent over time. 21 We have no explanation for the higher risk for non-CVD death (mainly caused by various types of cancer) in the group with clinically diagnosed diabetes. Although type 2 diabetes has been associated with an increased cancer risk, hyperglycemia could not be causally linked to this risk. 22 Even though the overall statistical power of the study may not have been suffi cient to detect small differences between groups, our observational study based on daily care did show some interesting results and trends. Further research is needed to investigate our fi ndings in a larger setting and with a longer follow-up.
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